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INTRODUCTION 
When the task is to control the indoor exposure, it is important to know how persons are 
exposed to a contaminant source. Personal exposure to a contaminant depends on the 
ventilation and the location of the source relative to the person. Previous studies have shown 
that the exposure may differ more than one order of magnitude due to different velocity 
fields (Brohus and Nielsen, 1994). This fact stresses the importance of taking this parameter 
into account when we want to control the exposure and develop guidelines for exposure 
reduction. 
The objective of this study has been to determine the personal exposure to a contaminant 
source in a uniform velocity field. This was done by full-scale measurements and computer 
simulations. The results showed a significant dependence on the velocity field both 
regarding the direction and the magnitude. The results also showed that the disturbance 
created by a person in a flow field may be a very important factor to consider, when the 
person is turning the back to the flow field. It was found that the wake created behind a 
person was able to entrain contaminants from a distance exceeding the usual operation 
range. Guidelines for personal exposure reduction in a uniform velocity field are discussed. 
METHODS 
Full-scale Measurements 
The measurements were performed in a wind channel (length x width x height= 2.44 m 
x 1.20 m x 2.46 m). A uniform velocity field was created by extracting air through two 
exhaust openings in the one end. The amount of exhausted air was adjusted to obtain a 
uniform velocity level in the wind channel ranging from 0.05 m/s to 0.45 m/s . The air 
temperature was kept constant at approximately 2 I oc. 
A contaminant source was simulated by tracer gas injected through a porous foam rubber 
ball, 0 0.1 m. The tracer gas was a neutral density mixture of nitrous oxide and helium 
supplied at a very low velocity and at a temperature level corresponding to the temperature 
of the surrounding air. 
Figure 1. Breathing thermal manikin used to simulate a person at the full-scale measurements. In the 
background of the left photo the two exhaust openings in the wind channel are seen. In the foreground the 
spherical contaminant source is found . 
To simulate a person the breathing thermal manikin shown in Figure 1 was used. The 
manikin is shaped as a 1.7 m high average sized woman. The tight-fitting clothes have an 
insulation value of 0.8 clo. The manikin consists of a fibre armed polyester shell, wound 
with nickel wire used sequentially both for the heating of the manikin and for measuring and 
controlling the skin temperature. The skin temperature and the heat output correspond to 
people in thermal comfort. Exposure measurements were performed with the thermal 
manikin by means of an artificial lung able to provide respiration through the mouth. Using 
a gas analyser, the concentration of inhaled tracer gas was found . 
Computer Simulations 
Computer simulations were performed by means of Computational Fluid Dynamics. Here 
the differential equations describing the flow field and the contaminant transport are 
translated into difference equations by dividing the solution domain into a large number of 
volumes. The differential equations are thus integrated over each volume giving a set of 
linear algebraic equations which can be solved using standard solution techniques (Patankar, 
1980; Brohus, 1992). 
In the computer simulations the person was modelled as a 1.7 m high cuboid with the 
same surface area as the clothed thermal manikin (1.6 m2) and approximately the same 
convective heat output (25 W /m2) . The personal exposure was assumed to be equal to the 
concentration of contaminant in the close proximity of the cuboid in the breathing zone 
height ( 1.5 m above the floor). 
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RESULTS 
A typical case was examined: A person facing a point contaminant source located at a 
horizontal distance of 0.25 m from the centerline of the person to the centerline of the 
source (see Figure 2 and Figure 3). The cross indicates the location of the contaminant 
source. 
+! 
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Figure 2. Location of the contaminant source relative to the person used in the full-scale measurements and 
the computer simulations. The cross shows the location of the source. 
At this fixed horizontal location, measurements and simulations were done with the 
contaminant source vertically located at five different heights above the floor (0.50, 0.75, 
1.00, 1.25 and 1.50 m). 
This setup was repeated for three different directions of the uniform velocity field relative 
to the person corresponding to Case 1, Case 2 and Case 3 in Figure 3. For each case, four 
different velocity levels were examined (0.05, 0.15, 0.30 and 0.45 m/s). Whereas computer 
simulations were done for all three cases, only Case 1 included measurements. 
Case I Case 2 Case 3 
+ 
-
Figure 3. Location of the person and the contaminant source relative to the uniform flow field in the three 
cases examined in the present study. 
In Figure 4 and Figure 5 results from the measurements and the simulations are 
presented. The figures show the personal exposure as a function of the velocity level and as 
a function of the vertical location of the contaminant source. Here, the personal exposure 
is defined as the concentration of inhaled contaminant made dimensionless by dividing with 
the concentration of contaminant in the air exhausted from the wind channel. 
In that way the personal exposure level 1.0 corresponds to the situation where the air and 
the contaminant are fully mixed. Thus, if the exposure exceeds 1.0 the indoor air quality 
(IAQ) is worse than "fully mixing" . Contrary, if the exposure is below 1.0 the IAQ is better 
than "fully mixing". 
The curves are continuous interpolations based on the discrete results from the 
simulations and the measurements. 
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Figure 4. Personal exposure to the contaminant source in Case I as a function of the vertical location of the 
contaminant source and the uniform velocity level. Left: Full-scale measurements. Right: Computer 
simulations. The exposure is defined as the concentration of inhaled contaminant made dimensionless by 
dividing with the exhaust concentration of the wind channel. 
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Figure 5. Personal exposure to the contaminant source in Case 2 as a function of the vertical location of the 
contaminant source and the uniform velocity level. Results from computer simulations. Exposure as defined 
in Figure 4. 
Case 1 Case 2 Case 3 
Figure 6. Example of the concentration distributions in the three cases for a fixed location of the source 1.0 
m above the floor and the fixed velocity 0.3 m/s. The hatching represents areas where the local concentration 
exceeds the exhaust concentration more than 10 times. Left: Case 1 vertical symmetry plane. Centre: Case 2 
vertical symmetry plane. Right: Case 3 horizontal plane 1.0 m above the floor. 
4 
To illustrate some fundamental phenomena that control the exposure, selected 
concentration distributions from the computer simulations are shown in Figure 6. In all 
cases the contaminant source is located 1.0 m above the floor and the uniform velocity is 
0.3 m/s. A close-up of the flow field in the proximity of the simulated person is found in 
Figure 7 corresponding to Case 1 in Figure 6. Figure 7 is a top view of the velocity field 1.0 
m above the floor. 
-
Figure 7. Close-up of computer simulated velocity field in front of the person in Case I. Horizontal plane 1.0 
m above the floor. Uniform velocity 0.3 m/s . 
Computer simulations of Case 3 showed that no contaminant was transported to the 
breathing zone, even when the contaminant source was located at breathing zone height. 
Therefore, the personal exposure has been found to approach zero in Case 3. 
DISCUSSION 
Location of Person and Contaminant Source Relative to the Flow Field 
Figure 4 shows the measurements and the simulations regarding Case 1. In this case 
vortices are generated in front of the person. These vortices are able to entrain contaminant 
from a certain distance and to transport it to the breathing zone. The vortex generation in 
front of the person corresponds well to earlier findings (Ljungqvist, 1979; Kim and Flynn, 
1991) as well as smoke visualization in the laboratory. The transport of contaminant to the 
breathing zone is furthermore assisted by the ascending air currents in the thermal boundary 
layer that are generated along the person because of the excess surface temperature. This 
convective boundary layer may exert a significant influence at low velocities (Brohus and 
Nielsen, 1994 ). 
The results demonstrate a considerable dependency on the velocity and on the location 
of the contaminant source. Both the measurements and the simulations show high levels of 
exposure, even when the contaminant source is located only 0.5 m above the floor. For the 
measurements, concentrations exceeding 50 times the exhaust concentration are found . For 
the simulations even larger values are found. 
Comparing the measurements and the simulations reveals some deviation, typically a 
factor two or three. One reason for this may be the modelling of the full-scale thermal 
manikin as a simple heated cuboid. Another reason for this discrepancy may be found in the 
simulation of the very complex flow phenomena involved here. 
If results from Case 2 are compared to Case I a very different pattern is found. Only for 
the contaminant source located above 1.0 m significant exposure levels are found. For a low 
location of the source, the flow removes the contaminant and prevents exposure. 
Computer simulation of Case 3 did not show a significant exposure level. In this case the 
flow field removes the contaminant before it reaches the person. 
5 
Figure 6 shows the different concentration distributions for a fixed velocity level and a 
fixed contaminant source height. At the same time it illustrates some of the important flow 
phenomena that control the contaminant transport and, therefore, affect the personal 
exposure. 
The horizontal distance between the person and the contaminant source has been kept 
constant. Investigations of a change in the horizontal distance between the person and the 
source from 0.25 m to 0.50 m show a reduction in exposure level, but the main conclusions 
are still the same. Therefore, the general conclusions stated above seem to be valid for 
sources in a distance of the person corresponding to a normal operation range. 
Exposure Assessment 
Usually, when personal exposure is assessed the room air is assumed to be fully mixed 
and the exposure is found by means of a simple mass balance. However, when the person 
is located in a room where a uniform velocity field prevails, the exposure may depend 
highly on the orientation of the person and the contaminant source relative to the flow field 
as mentioned above. The significant deviations from 1.0 in Figure 4 and Figure 5 indicate 
that exposure assessment may lead to erroneous results if the disturbance of the flow created 
by the person itself is ignored, and if the air and the contaminant are assumed to be fully 
mixed. Errors exceeding one order of magnitude could easily be obtained. 
Exposure Reduction in a Uniform Velocity Field 
When guidelines for exposure reduction are to be discussed, it is important to note that 
the present results, strictly speaking, are valid only for a person standing still and a specific 
contaminant type and location. In a real situation a person will move etc. Despite these 
differences some general conclusions may be drawn. 
In both Case 1 and Case 2 a contaminant source located in the operation range of a 
person may cause high personal exposure. Especially in Case 1 it is important to be aware 
of the possible entrainment of contaminant in the wake generated in front of the person. The 
best way to control and to reduce exposure in a uniform velocity field is to employ Case 3. 
Here, the person who is facing the source turns the side to the flow field. In this case it is 
possible to remove the major part, if not all. of the contaminant before it comes into contact 
with the person. 
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